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(54) Dual gate formation 

(57) A structure and method for fabrication of an in- 
tegrated circuit having adjoining n* and p T gates (25.31 ) 
is disclosed. The adjoining n* and p- gates are covered 
by a titanium nitride layer (27). The titanium nitride layer 
is covered by a protective layer (29) illustratively made 
from PETEOS and by flanking spacers (not shown in 



FIG. 2). The protective layers help to prevent oxidation 
of the titanium nitride layer. (Oxidation of the titanium 
nitride layer would destroy its shunting capability.) Also 
disclosed is a heating step which simultaneously acti- 
vates source/dram implants as well as flowing an over- 
lying dielectric 
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Description 

Technical Field 

This invention relates to semiconductor integrated 
circuits and their manufacture 

Background of the Invention 

Those who manufacture MOS integrated circuits 
are utilizing designs in which both n* and p* gates are 
contained within the same integrated circuit 

Unfortunately when an n- gate contacts a p- gate 
counterdcomg may occur and a region of poor conduc- 
tivity may occur where the n- and the p- gate contact 
each other 

An anempt at solving the problem is depicted in FIG 
1 In FIG l reference numeral 11 denotes a substrate 
which may typically, be silicon Reference numeral 13 
denotes a gate, made from patterned, n- doped polysil- 
icon Reference numeral 15 denotes a p + doped pat- 
terned poiysiiicon. Typically, gates 13 and 15 are pat- 
terned together from the same blanket layer of poiysiii- 
con. although each has been doped separately while the 
other has been masked. There is an opportunity for 
counterdopmg at boundary 19 between gates 13 and 
15 Layer I 7 is made from titanium nitride Titanium ni- 
tride layer 1 7 acts as a shunt over gates 1 3 and 1 5 and 
preserves conductivity across boundary 1 9 where an n + 
- p* diode exists. Unfortunately, titanium nitride layer 17 
is easily oxidized and its conductivity thereby substan- 
tially reduced if thermal processing temperatures go to 
800'C or above 

Those concerned with the development of integrat- 
ed circuits have consistently sought for methods to pre- 
serve conductivity across the n-/p- gate boundary de- 
spite the problems posed by subsequent thermal 
processing Furthermore, those concerned with the de- 
velopment of integrated circuits have continually sought 
methods of reducing thermal budgets 

Summary of the Invention 

The present invention as set out in the independent 
claims addresses the above concerns Illustratively the 
invention includes a substrate with a gate structure hav- 
ing a patterned dielectric layer The dielectric layer has 
first and second pontons A layer of patterned n doped 
poiysiiicon is over the first portion of the dielectric. A lay- 
er of patterned p doped poiysiiicon is over the second 
portion of the dielectric A patterned layer of conductive 
material is over the n doped poiysiiicon and the p doped 
poiysiiicon A patterned dielectric layer is over the layer 
of conductive material" the dielectric layer does not con- 
tact the substrate The gate also has sides and has 
spacers contacting the sides whereby the conductive 
layer is enclosed by a) the patterned dielectric layer bi 
the spacers c) the n doped poiysiiicon and d) the p 



doped silicon 

In another embodiment the invention includes * 
method of forming an integrated circuit by forming ndja- 
cent n and p doped gates over a substrate A conductive 

5 shunt layer is formed over the gates The conductive 
shunt layer has a top and sides A patterned dielectric 
layer is formed which covers the top of the conductive 
shunt layer and does not cover the substrate Then 
spacers are formed which contact the sides of the con- 

io ductive shunt layer 

A further embodiment of the present invention is a 
method of integrated circuit fabrication which includes 
forming source and dram regions m a substrate by im- 
planting dopants Then a dielectric is formed over the 

15 source and drain regions. Then a heating step is per- 
formed which simultaneously activates the dopants and 
smooths the dielectric by causing the dielectric to flow 
Then a window is opened through the dielectric thereby 
exposing the source or dram region 
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Brief Description of the Drawings 



FIG 1 is a cross-sectional view of the typical prior 
art device 

25 FIGS 2-5 are partially cross-sectional, partially per- 
spective drawings showing an illustrative embodiment 
of the present invention 
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Detailed Description 



In FIG 2 reference numeral 21 denotes a substrate 
which, typically, may be silicon, doped silicon, epitaxial 
silicon, etc In general, the term "substrate" is used to 
refer to a body of material upon which other bodies or 
J 5 layers of material may be subsequently formed Formed 
atop substrate 21 is gate oxide layer 23 n* poiysiiicon 
gate layer 25 is formed atop gate oxide 23 p* doped 
poiysiiicon gate 31 is also formed atop gate oxide 23 
p* gate 31 contacts n* gate 25 Titanium nitride layer 27 
4 0 is located on top of gate 25 and 31 Titanium nitride layer 
27 contacts both gates 25 and 31 and electrically shunts 
them Layer 29 is a dielectric desirably formed from 
plasma enhanced tetraethoxysilane (PETEOS) Appli- 
cant has determined that dielectrics formed from low 
4 $ pressure CVD TEOS are unsatisfactory because the di- 
electric deposition process causes undue oxidation of 
titanium nitride layer 25 during deposition Silicon nitride 
has also been found to be unsuitable for layer 29 be- 
cause subsequent etching of the silicon nilride/polysili- 
50 con/oxide stack is very difficult Other acceptable die- 
lectrics for layer 29 may be spin on glass (SOG) or Low 
Temperature Oxides (desirably formed below 400'C) 

The process for creating the structure of FIG 2 may. 
tyctcally involve depositing a blanket layer of oxide ever 
55 suc-strate 2i Next, a blanket layer of poiysiiicon is de- 
posited over the oxide layer The poiysiiicon is then 
doped utilizing p* and n* dopants m the appropriate 
places Next blanket layers ol titanium nitride and PE- 
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FIG. 3 
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TEOS are deposited The PETEOS layer may be pat- 
terned using a gale mask The patterned PETEOS may 
De utilized as a hard mask to pattern the titanium nitride 
polysihcon and oxide layers thereby producing the 
structure ol FIG 2 It will be noted that titanium nitride 
layer 27 is now covered by protective PETEOS layer 29 
and that the plasma process utilized to form PETEOS 
layer 29 has not caused any appreciable oxidation of 
titanium nitride shunt layer 27 

Turning to FIG 3. LCD (lightly doped dram) source 
and dram implants 33 and 35 are performed Next a 
blanket layer of PETEOS or silicon nitride or TEOS de- 
noted by reference numeral 37 is formed Next, an (op- 
tional) implant thermal activation of tne LDD implant 
step may be performed 

Next turning to Fig 4 blanket layer 37 is isotropi- 
cally etched to produce spacers 39 and di impfants 43 
and 45 designed to complete the source-drain regions 
may also be performed It will be thus noted that the ti- 
tanium nitnde layer 27 is effectively encapsulated and 
protected by layer 29 and spacers 39 and 41 . 

Turning to FIG 5. lightly-doped dram structures 
formed by implantations 33 and 43 have been designat- 
ed by a single reference numeral 47 Similarly lightly- 
doped drain structure designated by reference numer- 
als 35 and 45 have been designated by a separate ref- 
erence numeral 49 Next a blanket dielectric layer 51 
which may be a bilayer of for example TEOS beneath 
a material chosen from the group of BPTEOS or 
LPCVD TEOS or PETEOS. is formed Afterdielectnc 51 
has been formed it is smoothed by flowing it at a tem- 
perature of between 300°C and 900°C The thermal 
smoothing of dielectric 51 also simultaneously accom- 
plishes an annealing of source/dram regions 47 and 49 
The thermal smoothing step is performed in an atmos- . 
phere with no more than 2°o oxygen Because of (he 
minimal Quantity of oxygen present temperatures as 
high as 900'C may be used without risk of damage to 
layer 27 (Of course in embodiments which do not utilise 
layer 27 there is not such a severe restriction on the - 
oxygen atmosphere ) Thus, the same thermal process- 
ing step at this point of the process simultaneously 
smooths dielectric 51 while accomplishing a 
source/dram activation at the same time Thus thermal 
budget is red uced Furthermore the therma l heating j 
step at this polffl Ul Ifle process also prevents out-dilfu- 
sion of boron dopant Irom those porti ons oLsubstrates 
21 which are coped with boron because no source/drain 
contact window s have been .ooene d.-/.ii-snurr^/r<f. ai r,l . 
contact windows had ^eernop^ea _ a the?maO?rocess- 
-e tome be* on 1 present in substrate ' 
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mg step would msJffce 
2l to out-diffuse 



so 



From this pcini ^urtr^rprocessing may\conl.nue' ( , 
such as !he c-er.^^^w^^^e^j^^, n re . 

gions filling 0 f tne windows/wifch porrgucilVe /material ss 
deposition of further mterlU If Jie»ecfW &o^?ohduV- ,J ' 
tors etc 



Claims 

1. An integrated circuit comprising 
a substrate (11 ) 

a gate structure comprising a patterned dielec- 
tric layer (23) said dielectric layer having first 
and second portions over said substrate 
a layer of patterned n doped polysihcon (25) 
over a first portion of said patterned dielectric 
layer 

a layer of patterned p doped polysilicon (31) 
over said patterned dielectric layer (23> and ad- 
jacent said layer of patterned n doped polysili- 
con (25) 

a patterned layer of conductive material (27) 
over said n doped polysihcon (27) and over said 
p doped polysilicon (31 ) 

a patterned dielectric layer (29) over said layer 
of conductive material (27) said dielectric layer 
(29) not contacting said substrate 
said gate structure also having sides and hav- 
ing spacers (41. 39) contacting said sides, 
whereby said conductive layer is enclosed by 
(a) said patterned dielectric layer (29) (b) said 
spacers (41 39) (c) said n doped polysilicon 
(25). and id) said p doped polysilicon (31 ) 

. The device of claim I in which said conductive ma* 
terral (27) is titanium nitride. 

The device of claim I in which said patterned dielec- 
tric (29) is made from a material selected from the 
group consisting of plasma enhanced TEOS SOG 
and LTO 

The device of claim 1 in which said spacers (41 39) 
made from a material chosen from the group con- 
sisting of PETEOS silicon nitride and TEOS 

A method of integrated circuit fabrication compris- 
ing 

forming adjacent n (25) and p doped gates (31 ) 
over a substrate 

forming a conductive shunt layer (27) over said 
gates said conductive shunt layer having a top 
and sides 

forming a patterned dielectric layer (29) cover- 
ing the top of said conductive shunt layer (27) 
and not covering said substrate 
forming spacers (41 39) which contact said 
sides of said conductive shunt layer 
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The method of claim 5 m which said conducuve 
shunt (27) is formed from silicon nitride 

7. The method of claim 5 in which said patterned die- 
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lecinc (29) is formed from h material chosen from 
Ihe group consisting of PETEOS SOG and LTO 

8. The method of claim 5 m which said spacers (41 
39) are formed from a material chosen from ihe 
group consisltng of PETEOS silicon nitride and TE- 
OS 

9. The method of claim 5 further including the steps of. 

forming source and dram regions (47. 49) by 
embedding dopants in said substrate, 
forming a blanket dielectric (51 ] overlying said 
source (47. 49) and dram regions 
performing a thermal heating step to thereby si- 
multaneously activating said dopants and 
smoothing said dielectric (51 ; 
opening windows in said dielectric, thereby ex- 
posing said source and drain regions (47 49) 
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10. A method of integrated circui 
ing 



fabrication compris- 



forming an oxide layer upon a substrate (23) 
forming a polysilicon layer upon said oxide lay- 25 
er. 

doping a first portion of said polysilicon layer 
with n-type dopant (25). 

doping a second portion of said polysilicon lay- 
er with p-type dopant (3D 30 
forming a layer of titanium nitride (27) upon said 
poiysilicon layer: 

forming a layer of first dielectric material (29) 
upon said polysilicon layer- 
patterning said first dielectric layer (29) by at 35 
least partially etching said first dielectric layer 
(29) m the presence of a patterned resist 
patterning said titanium nitride layer (27). and 
said polysilicon layer (25) and said oxide layer 
(23) using said patterned first dielectric layer as -to 
a mask (29): thereby exposing a portion of said 
substrate and forming an n doped gate (25) ad- 
jacent a p doped gate (31) said gates being 

shunted by a patterned titanium nitride layer ^ . ^ — 

! 27) DOCKET NO: r^gP&W 

forming a blanket layer of a second dielectric " 

material over said gates and over^io{^|rAt d N 0. 

portion of said substrate ^ j _ m ' y # 

-sotrop-cally etching said blanke/W^RUGANT: ( 
spacers (41. 39) adjacent said n d 
and said p doped gate 



forming a blanket layer of undoped oxide <5l ) 
over said gate and said source and drmn re- 
gions 

forming a blanket layer of doped oxide over said 
layer of undoped oxide 

performing a thermal heating step at a temper- 
ature between 800°C and 900°C to thereby si- 
multaneously activate said dopants and 
smooth said doped dielectric 
opening windows through both said dielectrics 
thereby exposing said source and dram re- 
gions 

12, A method of integrated circuit fabrication compris- 
ing: 

forming source and drain regions in a substrate 
(47. 49). by implanting dopants into said sub- 
strate. 

forming a dielectric (51) overlying said source 
and dram regions: 

performing a thermal heating step which simul- 
taneously activates said dopants and smooths 
said dielectric by causing said dielectric to flow 
opening a window through said dielectric 
thereby exposing a said source or dram region 



1 3. The method of claim 1 2 in which said dielectric (51) 
is made from a material chosen from the group con- 
sisting of BPTEOS. LPCVD-TEOS or PETEOS 



TERMER AND GREENBERG RA. 

11. The method of claim 10 further including Jhe^teos „ M ^jP' 2480 

'HOLLYWOOD, FLORIDA 33022 

forming source and drain regions (47 49) b JEL (954) 925-1100 

embeccmg dopants in said source and drain re- 
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